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MTnpnpnPTC OPEN rv.J.T. FOAM COMPOSITE AND 
METHOD gnu MANUF i^fTTTPTWG SAME 

BACKGROUND OF THE INVENTION 



FiRld of the Inv ention 

This invention relates to an improved micropore open cell 
foam composite and a method for manufacturing the micropore open 
cell foam composites of the invention. The micropore open cell 
foam composites of the invention comprise a micropore open cell 
foam having an open cell content of greater than about 80% volume 
and an average pore size of about 200 microns or less and a phase 
change material in the open cell foam in the amount of 80% volume 
or greater. 

vaccines, antibiotics, and other temperature sensitive 
materials must typically be stored and transported under 
conditions wherein a narrow temperature range can be maintained 
for an extended period of time. Small size vacuum panel 
insulated refrigerators able to maintain a temperature of about 
4°C may be used for storage of vaccines and antibiotics. Vacuum 
panel insulated shipping containers have been used to transport 
the temperature sensitive materials from the refrigerator storage 
location to the end use location which may be at remote srtes. 
Therefore, the shipping box must be capable of maintaining the 
temperature sensitive materials at the desired temperature for an 

extended period of time. 

vacuum panel insulation alone is not sufficient to keep 
antibiotics, vaccines and other temperature sensitive materials 
within the critical range of temperature required for the 
duration of the transit time. Accordingly, shipping containers 
capable of maintaining the temperature over a narrow range for an 
extended period of time may utilize vacuum panel insulation m 
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the walls of the container and a phase change material in the 
interior of the container. 

Phase change material compositions store and release large 
quantities of energy, in melting and freezing, and are selected 
such that the phase change materials are capable of maintaining 
the temperature within the desired range. 

in one method of storing and transporting temperature 
sensitive materials, such as vaccines, the materials are removed 
from a storage refrigerator, placed in a vacuum panel insulated 
shipping container and surrounded on all sides with packages of 
phase change material. There are a number of ways in which the 
phase change material can be contained to minimize or eliminate 
the problems of expansion and contraction associated with melting 
or freezing and, thereby, prevent any leakage of the phase change 
material, in a liquid state, through small opening or cracks in 
the packaging material . Examples of these methods include 
containment in phase change material/silica gels and dry powders, 
melt mixes of phase change materials/high-density 
polyethylene/ethylene/vinyl acetate copolymers/ silica, m cross- 
linked pellets of high density polyethylene and imbibed into 
various porous substrates (e.g., plasterboard). 

The prior art systems available are based on refrigerator 
systems that freeze water -to-p,evide thermal storage t^emperatures 
of 0°C or below. Exposure of temperature- sensitive medicmals 
such as vaccines, etc., to these low temperatures frequently 
results in irreversible damage due to freezing of water which is 
an essential component to many of these medicinal products. On 
the other hand, storage of the medicinals at temperatures greater 
than about 10°C can also cause irreversible damage to the 
30 medicinals. 
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<:iiiiTmiar Y of t >i«> Tnvention 



The present invention is a micropore open cell foam 
composite comprising an open cell foam having an open cell 
content greater than 80% volume and an average pore size of about 
1 to 200 microns and a phase change material wherein the phase 
change material is contained in the interstices of the micropore 
open cell foam in the amount of about 80% volume or greater. The 
micropore open cell foam composites of the present invention are 
useful in combination with insulating panels used in insulating 
various structures where it is desirable to maintain the interior 
temperature of the structure at a constant temperature plateau 
which is different from the temperature outside the structure, 
in one manifestation of the invention, the micropore open cell 
foam composites are employed in portable containers for storing 
and transporting temperature-sensitive materials such as 
medicinals, e.g. vaccines, antibiotics, etc., to remote locations 
which lack adequate means for providing conventional temperature 
control . 

In another aspect of the invention, methods for 
manufacturing the micropore open cell foam composites are 
described. In accordance with one method of manufacturing the 
open ciir fo-amed -composites-,- the- phase "^ha'^^^^^ 

at reduced pressure (vacuum) into the open pores of the micropore 
foam. Alternatively, elevated pressure imbibing can be 
substituted for the vacuum imbibing. Micropore open cell foam 
composites of the present invention are characterized by the 
ability to incorporate very high volumetric concentrations of 
phase change materials in the micropore open cell foams, up to 
greater than 80% by volume. Micropore open cell foam composites 
in accordance with the present' invention can be subjected to 
repeated freezing and thawing cycles without "ooze out" of the 
phase change material . 
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It is also possible to imbibe some materials by capillary 
attraction alone, without the application of either vacuum or 
pressure, into a hydrophilic micropore polyurethane open cell 
foam. 

Micropore open cell foam composites in accordance with the 
present invention may contain relatively high volumetric 
concentrations of phase change material which can be particularly 
useful in applications where the available space is limited. The 
higher total loading of the phase change material possible with 
the micropore foam composites prepared in accordance with the 
present invention result in longer time -at -temperature (hold 
time) than with other methods of phase change material 
containment (e.g., PCM/silica gels or dry powders, or the melt 
mix of phase change material/high-density polyethylene/ethylene- 
vinyl acetate copolymer/silica). 

in a particular embodiment of the invention, a micropore 
open cell foam composite is described which is particularly 
useful for use in a shipping container designed for transporting 
temperature-sensitive materials, such as antibiotics and 
vaccines. Many antibiotics and vaccines must be maintained 
within a critical range of temperature between 0 to 10°C. 
Shipping containers constructed of vacuum panel insulation alone 

- are- unable to -mai-ntain-these- temperature ..sensitive . materials 

within the critical range of temperature required. A micropore 
open cell foam composite in accordance with the present 
invention, comprising specific percentages of a linear 
crystalline alkyl hydrocarbon blend of C-14, C-15, and C-16 
carbon chains, when used in conjunction with a vacuum panel 
insulated container, is capable of maintaining the temperature 
sensitive materials at approximately 6°C for an extended period 
of time. This particular phase change material blend, m 
sufficient quantity in the insulated shipping containing, has the 
necessary thermal storage capacity to keep the temperature 
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sensitive material at a nearly constant temperature of about 6°C 
for 4 0 hours, or longer, in transit. 

Brief Description of the Drawings 

Fig. 1 is a cross -sectional view of the micropore open cell 
foam composite of the present invention in an envelope; 

Fig. 2 is a cross-sectional view of a highly insulated, 
portable container used to transport temperature-sensitive 
materials to remote locations utilizing the micropore open cell 
foam composites of the present inventions; and 

Fig. 3 is a graph showing melting temperature versus carbon 
chain length for commercially available alkyl hydrocarbon phase 
change materials. 

Detailed Description of the Invention 

The present invention relates to a highly efficient 
micropore open cell foam composite. As illustrated in Fig. 1, 
the enclosed micropore open cell foam composite 10 includes a 
micropore open cell foam composite 12 contained in an envelope 14 
sealed along heat seals 16. The micropore open cell foam 
composite 12 comprises a micropore open cell foam and a phase 
change material . The open cell foam has an open cell content of 
greater than about 80% volume and an" average pore "size of about -1 - 
to 200 microns. The phase change material is contained in the 
interstices of the micropore open cell foam in the amount of 
about 80% volume or greater. 

The micropore open cell foam composite 12 may be formed by 
evacuating an open cell foam and filling the evacuated foam with 
a phase change material. The open cell foam may be evacuated to 
an internal pressure of less than about 100 torr, or less than 
about 10 torr, and, depending on the foam composition and the 
phase change material, may be evacuated to an internal pressure 
of about 1 torr or less. The micropore foam composite may be 



Docket No. 620526-004 

placed in an envelope 14. The enclosed micropore open cell foam 
composite 10 may optionally be vacuum sealed. The vacuum sealed 
foam composite 10 can be provided with a re-entry port (not 
shown) through which the foam composite can be re-evacuated if 
necessary. 

The micropore open cell foam composites 12 of the present 
invention can be used in any application where the temperature 
must be maintained in a specific narrow range for an extended 
period of time. For example, the micropore open cell foam 
composites of the present invention can be used in shipping 
containers for medicines, vaccines, antibiotics, and organ 
transplants. The foam composites of the invention are 
particularly effective for providing relatively constant 
temperature over a specific narrow range for shipping containers 
which allow the safe storage and transportation of medicinals 
worldwide, even in the most remote areas of the world. 

The micropore open cell foam composites of the present 
invention can be manufactured in accordance with the following 
steps which comprise: 

(a) providing an open cell foam having an open cell content 
of 80% or more and having an average cell size of about 
1 to about 200 microns; 

(b) enclosing" the" open cell foam in a- heat-sealable , 
polymeric film pre- formed in the shape of an envelope; 

(c) evacuating the open cell foam-containing envelope; 

(d) charging the open cell foam with a phase change 
material ; 

(e) repackaging the PCM-loaded foams in a suitable 
impermeable envelope; 

(f) optionally, evacuating the impermeable envelope 
containing the PCM-loaded open cell foam composite; and 

(g) sealing the envelope containing the open cell foam 
composite . 
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DocKec iNu. T „^ o=. described above, 

*a open pore Joam ^^^fj^ ,„,lo3e the micropore 

, heat-. salable, P^l^^^^^'^'" heat-sealed to for™ 

Joa. and the peripheral edges of the f.ta ^^^^ 

.he enclosed open cell foa™ oor„pos.te^ ^^^^ ^^^^ ^^^^ ^^^^ 

recognized hy those ^^^^^^^^ the heat-sealable, pol^eric 

can be placed on a -"f ^^^^ cell foam such that 

(ilm and the film can be folded over th^^ P^^^ ^^^^ ^^^^ 

only three of the P-iP*--"^ foam composite, 

.ealed to form the ^^^^^'J^'JZ.^^ ,e carried out in a 

Alternatively, the entire p .^.^ntion, the micropore 

pressure chafer. In this -P-^ "J * ,3 then 

open cell foam blocks are Pl-^^/;^ closed 
evacuated through one port with ■ ^^^^^^ ^^^^^ , ^ ^^^^^^ „ 

when the pressure is below I t ^^^^^^.^ peM, which 

a second port having a line ^^^^^^^ saturate 

is then drawn into the chamber. The ,^ ^^^^^^^ 

.he foam in the chamber and excess 
allow low-pressure compressed " ^\ J.^^ond and third 
liquid PCM to the reservoir. Final y, ^^^^^^ 
..ives are closed and -^l ';2T.lfZ:^,J,,. lid safely. 
. cha*er AO ^'^'^^-^^ elm -eompoaite_with_the_ _ _ 
optionally, the micropore °P- - impermeable envelope 

i^ibed PCM materials ^/^^f ^^^.^^ envelope can be re- 

and then the foam composite in the 

evacuated. invention, the micropore open 

I„ yet *l,erial by introducing the PCM 

cell foam is charged with a PCM m^^ ^^^^^^^^^ ^^^^ 

under positive P-^-^^"". ^^^^^^ „i,h pcH by enclosing the 

having a plurality of sides is 

open cell foam in a -"^ -^/j:/^,,, .^am slab. Through a port 
irrorthrri:::: sX: ^preferably opposite the one remaining 
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open Side) . the liquid phase change material 

^ ;:,v.nni- 15 Dsi or greater until the liquia fuii 
T->oc?itive pressure or aDOUc id p^x wj- a 

'"rrill Lrge. fro-n the one refining open side. The .xcropore 
Teir:! L^osite is seaied and the enclosed foa™ composite .ay 
be evacuated as described above. 

Yet another method for in^ibing micropore open cell foams xs 
particularly useful in i*ibing open cell polyurethane foam w.th 
'ri polar molecules. Small polar molecules such as water can 
i^ibe by capillarity into the open cells of a hydrophU.c 
;olymer, such as polyurethane foam. Accordingly ^-^^-^-^j' 
such small polar molecules, typically V,ater-based, into the 
ircropl open cell polar polyurethane foam can be conducted at 
I^Lnt pressure. The inO^ibed foam composite is then sealed^ 

Imbibed foam composite in the sealed container may also be 

evacuated. . ^ -h-irrin 

It is desirable to use micropore foams havrng as high an 

open cell content as possible. The higher the 
the greater the level of evacuation or vacuum possrb e in the 
foam The greater the level of evacuation ^^ ^f sT JrZ.^ 

loading The present foam has an open cell content of 80 percent 

r preferably 30 percent or more, and most P-«-»>=^^ - 

percent or more. The foam is preferably as close as possible to 

- complete or lOO ,„3ulated," i:ght:weight 

As illustrated in Fig. ^/ ^ne nxyii-uy ^ ^ 

container 18 useful for transporting the temperature- sensitive 
material to the various remote areas includes outer walls 20, 
inner walls 22 and a lid 24. Insulating material is 
positioned between outer walls 20 and the inner walls 22. 

. vH.l 26 preferably is an insulating vacuum panel 
Insulating material 26 preteraoiy 

as described in commonly assigned U.S. Patent Nos . 5,943,876 and 
:%5 50. Although many materials can be used to construct the 
i;ner'and outer walls of the shipping container 18, polymeric 
inner ana o -.^n^f-m ea polypropylene and copolymers, 

materials such as polyolefm, e.g., poiyp 
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and low thermal conductivity. invention 

^•^on rpll foam composites oi. 
The micropore open cell to .^ieally in intimate 

J • t-v,o c-hiDoinq container 18 typicaxiy 
are placed m the -hxppxng ^8 to maintain a 

contact with the temperature sensit the 
constant temperature plateau in the ^ ,p 
container 18 for a prolonged perioa 

ial 2 8 may 

be positioned between a Pl""^^^ sensitive material 28 and the 
shown. Of course, the temperature sensxt ^^^^^^ 

micropore open cell foar. ^^'^^^^^^^Z 18 which maintains the 
arrangement within the ^^-^ ,,.e. One 

desired temperature for the required p 

a.anta.e of the mr„ l^-JL:. a wa^ so as to 

—t:: r.^ space - — ::rrf::: 

a ---™rpo:rie°L"ref^icient use of the 
composite 12, it it, ^ ^^ni-alner Furthermore, the 

.pace available in the =»^^PP-^-"";^";;\,, invention 

^^1 1 ■Fo;:5m composites 1^ OJ. l-hc p 

micropore open ,,^ared to prior art 

Lstant temperature for an -^-JX^ ^^^^^^^^ ..ed in the 

Phase — --;^::ri :rii:n. phase Change materials 
embodiments of the present ^^^^ ^ ^^^^3. 

undergo a change -;--^f ^ r^erature is progressively 
to-liquid and liquid-to-gas as th P ^^^^^^ 
increased from absolute zero. During J 

3olid-to-liquid and ^^f^^^^^l^^^ — ' 

surrounding /^/J, i/;.olved to the environment, 

rirthlrirrrd orilved m these phase transitions 
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iB called latent heat and it can occur over a very narrow range 
: temperature. The heat that is absorbed or evolved without a 
Ihangl of -ate is called sensible heat, and occurs over a wrde 
range of te^erature to supply significant thermal storage 
capacity. Over a limited range of temperature (-9- ^ ^'^ 
latent heat of the solid-to-liquid transxtron rs 5-8 txmes 
'reater than the sensible heat storage. The difference xn 
fherl:! storage between latent and sensible heat is even larger 
in the liquid-to-gas transxtion. 

m tne ±14 ^ ^ because of crystallinity, strong 

However, some materials, because ot o y 

intermolecular attraction (e.g., hydrogen bonding , -^Z^ 

regularity of molecular structure, absorb and evolve much larger 

Z^ts of latent heat in going through these changes .n physical 

Tate The o^terials with very high latent thermal energy 

storage are commonly identified as "phase change materials 

""'tL liquid-to-gas transition is always much more -e-getic 
.han the solid-to-liquid transition. However, the — 
transition involves very large volume changes, and hrgh 
pressures, that make these materials undesirable for many 
Ipp icati;ns While uniquely qualifying them for others (e.g., 
sfei: turbines, . The ^lecules that comprise ^-^^^J^^^U. 
- materiaV my be" either inorgaTiic or- organ-ic . - Ot the rnprgan_ic _ _ 
Tasr^hange materials, water in its solid-to-liquid transrtron 

at 0"C, an! liquid-to-gas at 100-C is one of the most energetrc 

and lowest cost for use at either of its P>^-^ ^^^^^^^^^^^ 

temperatures (0" and 100°C) . The temperature to be marntarned 
Xrof course, on the nature of the "-rat^e—t-e 
I The melting and freezing temperature of the phase 

:::: rlateral^can b! adjusted to maintain eemperat„^ 

materials within a specific temperature range. 

phase change materials can be selected to cover a broad 

temperature range spectrum. 
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The phase change material may be selected from a linear 
crystalline alkyl hydrocarbon of appropriate melting and freezing 
temperature. However, other phase change materials may also be 
used in certain instances including organic fatty acids, fatty 
acid esters, and primary alcohols such as C1-C22 primary alcohols, 
water/CaO, glycol, water/NaCl, water/urea, water/glycerine, or 
mixtures thereof. In applications where temperature control is 
desired at temperatures of 0°C or lower, water and water-based 
phase change material, such as the lower freezing combinations of 
water/urea, water/salt and water glycerine, can be utilized. 
Water/salt hydrates are all so useful as phase change materials. 
Examples of salt hydrates which can be used include, but are not 
limited to, sodium sulfate decahydrate, calcium chloride 
hexahydrate, trisodium phosphate dodecahydrate, di sodium 
monohydrogen phosphate dodecahydrate, and sodium acetate 
trihydrate. Liquefied gases can also be used as phase change 
materials for very low temperature applications. Examples of 
useful liquefied gases include liquid nitrogen, oxygen, helium, 
carbon dioxide, air and other mixtures thereof. 

Obviously, there are many applications, in addition to those 
listed, that can make effective use of the new combination of 
phase change material contained in micropore open cell foam and 
enclosed in" a strong impermeable composite f ilm, .envelope . In 
combination with shipping containers constructed with vacuum 
panel insulation, the phase change material can be used to 
provide a plateau of nearly constant temperature for protecting 
temperature-sensitive materials for extended periods of time. 

For temperatures from about -40°C to 132''C, organic 
molecules comprised of linear crystalline alkyl hydrocarbons 
having an average carbon chain length of at least 8 carbon atoms 
are useful and cost effective phase change materials. Linear 
crystalline alkyl hydrocarbons having an average carbon chain 
length of about 12 to 18 carbon atoms and a phase change 
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,K.ut 0"C and are useful in particular 

temperature between about C a linear 

applications in ^til"! ..e low cost by-products 

crystalline alkyl hydrocarbon - ^ „j three 

„J petroleum refinin., » ^^f^^^J^^ please about 35 
or more carbon chain lengths ^^^^^^^^ „i„a pure phase 

calcries/,ram or - /ial synthesis, or extensive 

Change --'^^^^^ J/ ^^^rtLrlal energy storage of up to about 
fractionation, have higher tetradecane has a 

SO calories/gram, ^or example ^^^^^^^^^^^^^'^^ ,alories/gram, but 
thermal storage capacity ^ico cost several times 

these ultra pure phase change "---^ "^^/^^ 
as much as the less pure products from pet 
accordingly, because of the high cost th ult P^ 

,,drocarbon ^^-j" ; Lrcan be ,us,if ied. 

applications in which the "^^^ temperature-sensitive 

in order to safely "-"^P""^'/"" ^ temperature 
^terials, they must be -intained with n a nar 
range. Medicinals such as vaccine t bo ^^^^^ ^^^^^ 
example, must be maintained ^^^^^^ ^^^^^ materials 

,„.C, and P"--^^^;;";;:;!,:: include linear, crystalline 
useful in this type of appUca ^^^^^^ ^^^^^^^ 

_ ^llcyl hydrocarbons, or_m^ ^^^^ Exxon . 

chain length of about 13 to 16 carbo ^ ^^^^.^^^ 

under the trade name of Nor Par '^^'J^cJ. (C-14) , and 
company as technical or 98% pure tetradecane 

hexadecane (C-16) . invention, the phase 

in accordance with one aspect of the 

• 1 ia a mixture comprising about 4b to 
,.ange materia IS a mix ^^^^^^ ,,,,.carbon 

of a high purity, cry talline, linear Ci. alkyl 

about 30 to 35% >^y - °J ^ a normal paraffin 

,,drocarbon, »d about ^3 ^^^^^^ ^^^^^ 

mixture having an average 
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The combination of high thermal energy storage, affordable 
cost, stability to thermocycling, non-toxicity, commercial 
availability, etc., of the linear crystalline alkyl hydrocarbons 
from petroleum refining are not even approached on an overall 
basis by any other phase change material found in surveys of the 
published and patent literature. Desirable cost/performance 
properties of the linear crystalline alkyl hydrocarbon include: 

High thermal energy storage (35-60 calories/gram) ; 

Low-cost and available in large quantities; 

Self -nucleating (no supercooling) ; 

Stable to repeated thermocycling; 

Non-toxic, not chemically reactive; 

Non-hydrolyzable in an alkaline environment 
(e.g., concrete); and 

Selectable melting temperatures from well below 
O^C to above 132°C. 

A graph of melting temperature versus carbon chain length 
for commercially available alkyl hydrocarbon phase change 
materials is shown in Fig. 3 and illustrates the broad range of 
melting temperature available in these materials. This enables 
phase change materials to be selected that have the proper 
melting and freezing temperatures as needed for different 
applications . ~~ ~ ------- ^ _ _ . 

In another aspect of the invention, liquefied gases are used 
as phase change materials. In some cases it is desired to use an 
insulated shipping or storage container for payloads at cryogenic 
temperatures and to employ liquid nitrogen or another liquefied 
gas as the PCM to maintain cryogenic temperature at a plateau 
which is the temperature of vaporization of that gas at end use 
temperature and pressure. 

To use liquid nitrogen or another liquefied gas as a PCM for 
shipping in conventional systems requires complex containers 
designed so only the gas vapor generated during phase change can 
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escape^ but none of the liquid will. By imbibing the liquefied 
gas into a microporous foam, the cells hold the liquid closely 
enough to prevent spillage of the liquid while still allowing the 
gas to evolve from the surface and to go through a vent from any 
orientation. The absorbed and/or adsorbed liquefied gas cannot 
readily exit the microporous core without first changing phase to 
gas to push the liquid out. Since cooling from vaporization 
occurs at the surface of the block, the core is kept too cool for 
this to occur, and the liquid changes to gas, working from the 
surface inward. 

Micropore open cell foam composites imbibed with liquefied 
gas can be handled after the fashion of dry ice slabs, thus 
avoiding all liquid handling and the complexities of a container 
designed to use neat liquefied gas as the PCM. If a container is 
insulated well enough that the surface does not get too cold for 
human handling, then it may be possible to ship by conventional 
carrier using these slabs, depending on the composition of the 
liquefied gas. 

Having the ability to imbibe liquid carbon dioxide under 
pressure at room temperature, then allow the imbibed block to 
freeze itself as the pressure drops toward ambient pressure 
provides a means whereby dry ice for shipping may be obtained 
from room temperature bottled carbon dioxide- without.,, having cold 
storage or conventional dry ice making equipment at hand. 
Additionally, the size of the substrate the microporous core 
material comprises will determine the size of the finished dry 
ice block. Conventional dry ice slabs are difficult to size 
exactly and change size as they sublimate. Whether self -frozen, 
or imbibed and frozen before relieving pressure, the size control 
provided by the imbibed composite form allows for better control 
of package sizing and proximity of the payload to the PCM. 

Liquefied gases useful as phase change materials in 
accordance with the invention include, but are not limited to. 
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liquid nitrogen, oxygen, carbon dioxide, helium, air and other 
combinations thereof. Liquefied gases are useful in maintaining 
temperatures at very low temperatures . Using any of the 
liquefied gases as the phase change materials allows the payload 
to be maintained at a temperature plateau equal to the 
temperature of vaporization or, in the case of dry ice, at the 
temperature of sublimation. Nitrogen is the most common 
liquefied gas used for this purpose. At 1 atmosphere pressure 
and an ambient temperature greater than -196°C, nitrogen will 
maintain a temperature plateau of about -196°C as it vaporizes 
It does this by absorbing incoming heat in the amount of its heat 
of vaporization of 47.5 cal/gm as it undergoes the change of 
phase from liquid to gas under those ambient conditions. Dry ice 
sublimates directly from solid to gas at 1 atmosphere if the 
ambient temperature is greater than -78.5°C, absorbing about 141 
cal/gm in this change of phase to maintain a temperature plateau 
at about that temperature. The temperature plateaus may vary a 
bit due to impurities in the liquefied gas or the solid carbon 
dioxide. There is also likely to be an elevation of a few 
degrees, perhaps 2 to 5°C, in the temperature plateau experienced 
by the payload due to imperfect thermal contact between the 
payload and the PCM. The exact difference will vary with 

insuration-valueand-ambient temperature - - 

The phase change materials useful in the present invention 
may also contain from about 0 . 1 to 1 . 0 weight percent of an 
antioxidant. Santowhite Powder^ an antioxidant from Monsanto, 
has been found to be particularly effective in particular 
applications of the present invention. 

The basic instrument used to guide research on phase change 
materials is the differential scanning calorimeter (DSC) . This 
instrument imposes a controlled rate of heating and cooling on a 
small sample in a well -insulated test chamber, and compares the 
heat absorbed (endotherm) and emitted (exotherm) against a 
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■ DSC one can accurately determine, 

control, using the DSC, one . ^,^_t the important basic 

. .1 ,.-F the surrounding environment, cne up 
independently of the surro y deluding: the melting and 

p„a.e.e.3 o. p.aee ^ f f rl/e eve. w.iC .e.tin^ 

the degree ^ cryBtalli^at.on. 

measure of the heat ^^„l,„g 
The DSC tests can be ^J^^ , ,„„dard rate 

ranging fro. .00-C/.inute - ^^-^^J The BSC 

,or Phase ^ « ^ / :r J..s heat no. of the sample, 

data xs --"^ temperature can also be 

although plots of heat flow endotherm and 

printed out by the DSC computer. The ^^1^ 

4-^^ v.^^ t-he computer as Jouies/gxciiu. 

t^e coLm. used .lones/gra™ b. 

dividing by 4.185. direct use of 

^ several problems associated with tne 

There are several y ^ • inrludinq linear 

^y,^^e chanqe material, mciuaxny 
100% solid-to-liquid phase Chang ^^aterials. These 

..,3talline, -ta^^^^^^^^^ .opardi.e or 

problems are of -ch;- ^^^^^ ^^^^^^ ,,,erial technology 

prevent Lherent problems include: large 

---:irchS™^ --r^:^'.::r::^^^^^^^ " 

,,..d state and atte^.ant ^ ^^J,^^, ,_rties of 
..ansfer rate and adve ^^^^ ^^^^^ ^^^^^^^^ 

the matrix. has bee ^ ^^^^^.^^ 

eliminated or minimized if the pha following 

^-,,1 a-rl V in accordance with one 
"contained," particularly m ao 

procedures: ^^^^g^ material in 

(1) Containment of the luuo p 

• ,.,r.^ules" or other liquid impervious 
"microcapsules ox or" 
enclosures such as pouches of plastic, metal 
foil, or a container of glass or ceramic. 
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(2) Microencapsulation of phase change material in 25- 
250 M spheres, preferably having >90% phase change 
material core and <10% polymer shell. 

(3) imbibing phase change material into porous 
substrates at up to 60% by weight concentration. 

(4) Permeation of phase change material into pellets 
of cross-linked high density polyethylene at 70^ 

by weight. . 

(5) Dissolving phase change material at 60% by weight 
in thermoplastic compositions of phase change 
material/high density polyethylene/ethylene-v.nyl 
acetate copolymer/silica, preferably at a rat.o of 
about 60:16:8:16. 

,6) incorporating phase change material in dry powders 
of phase change material/silica, preferably at a 
ratio of about 75:25. 
(7) incorporating phase change material in gels of 
phase change material/silica, preferably at a 
ratio of about 82:18. 
,8) imbibing phase change materials into the open pore 
cells of micropore structures (e.g., foams), 
in accordance with (S, , phase change material -"»P-^"^°- 
in one aspect of the present" Inyention may comprise about 45 to 
: wlight percent hexadecane, about 30 to 35 weight percent 
tetradecane, about 15 to 25 weight percent of an n-paraff.n 
having an a;erage chain length of about 15 carbon atoms and 
about 0 1 to 1.0 weight percent antioxidant. A phase change 
I rial/composition containing about .S weight P-ent ^ 1;^ 
hexadecane from Hu„^hrey Chemicals Cc^any, 32 ""^^^ J-""^ 
;,14 a tetradecane from Humphrey Chemical Company, 

::ight percent «.i5, an ^^^^^^^^ ::^-:';:z:z^ 

of about 15 carbons from Exxon, and 0.8 weight percen 
Powder^ an antioxidant from Monsanto, has been found to be 
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p„..cularly e«ective particular applications 

invention. co,^ositeB comprising a micropore 

Micropore open oei ^terlal are 

open cell foa. -^J"^;;r::::rt:%o Jsition. ao not exude 
advantageous m that tn P repeated thermocyclmg, 

r'Lrstt - "n/te^eratures. Xn order 
above and below the crystalli ^^^^ ^^^^^^^ 

to ensure against this possxMUty in g ^^^^,,,£,1 .^e of 
thousands o£ melt/freeze ^^g,, than 200 microns, 

micropore open cell foams f^^^'^^ ./incorporated into the 

small amounts of polymeric additives m y 

agents and thereby ^""^""f/^^.^^^^ing agents are typically 
thermocycling. The polymeric thicHen g g^ ^^^^^^ ^^^^^ 

present in a concentration of -^°^J 

the weight of the phase *ange materia^. ^^^^ ^^^^^ 

polymeric thickening agents ^^^^^ hydrocarbons, 

change materials, such as 1^ ^^^^^^^^ ^^^^^^ 

tatty acids and esters, ^ polyethylene, include, but are 

^1 w^r^i-hvlene oxide and poiyeuny 

- isobutylene_ copolymers (e.g., ^ , olyisoprene_ Inatural 

ethylene/propylene/diene copol^ers ' ; ^ copol^ers 

and synthetic rubber, I>°^Vbutadiene , s tyren ^^^^ 

(both random and blocK ;/;;ri^ers with long al.yl 

0 materials, such as water, ' nary ammonium 

water/salt, water/salt ^ are not limited to, 

clathrates and semi-clathrates x ^.i^ethylene oxide, 

polyvinyl alcohol, polyethylene glycol, P 
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polyacryli. acid, pol^artacylate acid, vinyl acetate/^ale.c 
acid copolymers, and other water soluble P°^-- 

in one e^odiment of the present invention, the n-^J^^^ 

1+--; ^;:^^7f^•r film containing at leasu 
envelope is prepared from a -1"" ^y"^;'^^^,^^ properties and 
one layer which exhibits good axr '"-^^'^^^^^^.^^ properties, 
at least one layer which exhibits good waterbarrier p P 
at least o y polymeric film for use in this 

one .I^ti-layer material which comprises 

e^^odiment s a CO ^^^^ J .^rephthalate ,PET, , at least 

at least one layer or p y ^ ^^^^^ 

one layer of ^^J^^ * , ^ at least one of the 

layer of polyvinyl alcohol (PVOH) . Prefer J' ^„ 

polyethylene -^^^:r7 

at least one surface thereot . present invention 

ryprca-r^^^^^^^^^^^^^ 

:f .boJo.OOOOl CC. — - tftHstailable 
— :rser;:::r— , .ennessee under the trade name 

DuPont 153-1. off*=^rtive in this 

Another multi-layer film partxcularly effective 

.„ent is prepared from a fl ^^^^^^ pri::inyl 

- — ^-"^f -t e°a - one : lyethyLne ter.phthalate_ layer., at 

acetate layer, at least one p y ^^^^^ 

Xeast one polyvinyl idene ^"^^^^f ^ J ^l^Jfl^ mide layer, 
polyvinyl alcohol layer, and at ^ / Lrephthalate layers 

Preferably, at least one of the ^^^^^ ^ .hereof 

- an aluminum ^/L r.face thereof. Such a 

and/or an aluminum foil on at 

film is available from Toyo Aluminum KK. ^^^^ 
in another e,TO=odiment of the ' ^.^^ 

< = a biaxially oriented monolithic liquid crystal 
Tvlr , P n rtlcularly preferred biaxially Uguid crystal 
Toi^:: Is a whol/y aromatic copolyester such as poly<ben.oate- 
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naphthcata). Liquid crystal, wholly aromatic copol^ar resins 
are available fro. Ticona, a ™e^er of the Hoechst Group under 
the trade name Veotra A and Vectra C. The liquid crystal 
Tolymers most useful as the envelope ^terial of the present 
LvIItion should be biaxially oriented in order to provrde the 
necessary flexibility to bend and shape without losrng .ts 

inteqritv, i.e., without cracking or breaking. 

in o;der that the invention may be .ore readily understood 

reference is .ade to the following examples, which --i"'-"*^^ 

to be illustrative of the invention, but are not intended to be 

limiting in scope. 



^''"^..xl" specimens of micropore open cell foam (ICI Huntsman 
polyurethane open cell foam blocks, are placed 

LpLmeable, heat and solvent resistant film --1°^" J^' 
The envelopes are heat sealed on three sides and provided with 
Toseale vacuum port on the fourth side. Note, the film bags 
sh^^fd be essentially filled with the foa. blocks to minimise the 
number of wrinkles that will fill with PCM 

A vacuum pump is attached to the samples and the air is 
evacuated to a pressure of 1 torr or less. The vacuum port is 

- heat seald- and the v.ouum-pump is- disconnected The _e_vacuated 

bag is Placed in an oven pre-heated to 90"C. The XCX foam should 

h^at within ten minutes. 

Tvolume of C-SO PCH sufficient to allow complete immersion 

of the evacuated samples is introduced to a 

part by weight of Santowhite Powder Antioxidant -^^^^^^ - 
C-80 PCM material and heated to a temperature of 90 C with 
St rrlng until all of the C-80 material is completely melted and 
li^^Lied. The evacuated foam samples are completely immersed in 
the C-80 heated solution. A long slit is cut in the heat 
sealable plastic and the hot PCM liquid is allowed to imbibe into 
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the foam until the foam is saturated. The imbibed foam sample is 
removed from the imbibing vessel and the film cover is stripped 
off. 

The imbibed foam specimens are thermocycled ten times 
between the temperatures of 50°C and 100°C for such time as 
necessary for the PCM to completely freeze or thaw at each 
temperature extreme respectively. 

The micropore open cell foam composites are repackaged in a 
suitable impermeable envelope equipped with a closeable vacuum 
port The foam composites are evacuated to a pressure of about 
100 torr and then the vacuum port is sealed off and the vacuum 
pump is disconnected. Note: the partial evacuation is 
recommended as a means of keeping the packaging film in contact 
with the PCM during normal changes in atmospheric pressure or to 
prevent "ballooning" in air shipping where it would be exposed to 
less than atmospheric pressure. 

It should be noted that several foam samples, of the same or 
different sizes, can be inserted in a single, large envelope and 
evacuated and irrfDibed simultaneously. Imbibing of the large bag 
can be accomplished by immersing only the bottom end in the PCM 
and then slitting the bag to admit PCM below the immersion line. 



The micropore open cell foam composites of the present 
invention can also be prepared by charging the micropore open 
cell foam with PCM under pressure. In accordance with this 
embodiment, the film blocks are placed in a pressure chamber, 
which is then evacuated through one port with a valve. The valve 
is closed when the pressure is below 1 torr. A second valve is 
then opened to a second port having a line to a reservoir of 
liquid PCM, which is then drawn into the chamber. The PCM is 
allowed to saturate the foam in the chamber and then a third port 
valve is opened to allow low pressure compressed air to gently 
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return any excess liquid PCM to the reservoir. The second and 
third valves are then closed and a fourth valved is then opened 
to expose the charnber to atmospheric pressure for opening the lid 
safely. The imbibed samples are then repackaged into a suitable 
impermeable envelope, equipped with a closeable vacuum port. 
They are evacuated to a pressure of about 100 torr, and the 
vacuum port is sealed off and the vacuum pump is disconnected. 

Example 1 is repeated with the exception that distilled 
water is substituted for the C-80 PCM^and thermocycling is 
conducted between temperatures of -15°C and +25°C. 

Example? s 4-7 

Micropore open cell foam composites were prepared in 
accordance with the present invention using a phase change 
material having a phase change temperature of about 6°C. The 
micropore open cell foam composites were tested in accordance 
with a general operational procedure for using the composites and 
shipping container for vaccine transport. In accordance with the 
operational procedure, the transport facility has a refrigerator 
where the vaccine is stored at a temperature of 3.8°C. The open 
cell foam- composites- of the invention are placed. -in. _the .same _ 
refrigerator for at least 24 hours. To transport the vaccine, 
one bag of the micropore open cell foam composite is placed m 
the bottom of the shipping container and then the vaccine is 
placed in the shipping container on top of the composite. The 
remaining space on top of the vaccine is filled with the 
micropore open cell foam composite. If one layer of vaccine is 
placed on top of the first composite bag then there is space for 
four more bags on top of the vaccine in a conventional shipping 
container. When the last bag of composite is placed in a 
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.hipping container the Ua is closed and latched. The unit is 

now ready for "ansport micropore 
TO deter^xne , the sh.pp g ^^^^ ^^^^ 

open cell foam conposite of ^"^^ P-^^^ a 
vaccine at a safe temperature (e.g., less tna 

safe te^erature for this particular vaccrne as ^-^^han 18 C, 
tll generally recognized limit for most vaccines rs less than 
'tcT the following testing procedure was used. Empty glass 
l^s'Lnd cardhoard — ^ "al Td rirrn'plle 

r rrLe ~t d^^^^^^^^^ — 

container. Two shipping -"^"-"/^«„"^td ""cT 

fAQ°r -^iT 30 C and 24 c; . 
environmental temperature (48 C, 37 C 3 environmental 
The shipping containers were placed m the en 

1 4-^^ at t-he desired temperature. The 
chamber which was regulated at the desi P 

at 3.8°C. This simulates having the vaccxne m a refrigerator 
"^"^re Terrs" started removing five hags of the' micropore 

OToen cell foam composite and transferring them to the 

open ceio. j.^ .t- ^ , t-h*:^ PCM/foam composite 

environmental test chamber. One bag of the PCM/f P 

1 in the shipping container and then two of the pre 

was placed m cne snxppx ^ , 4. t-v,p baa The 

oiL and instrumented vials were placed on top of the bag. 
cooled ana inbuj-um^i ,r-i;:ilc^ The space 

layer was then filled with the other ^^J'^ J^^ 
.hove the Simulated vaccrne wa h en ed ^^^^^^ ^^^^ 
of PCM/foam composite. The iia wafa 
temperature recorder was started. 
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The test results are shown below in Table 1 : 




AS can be seen from Table 1, the micropore open -1^"! 
, the t^resent invention when used with an insulated 
composxte of the present . temperature in the 

shipping container rs -P^^^^/^^rJ"^^^^^ ^^.^ ,,,, ,ours at an 
shipping container at less f^'^^J^er 60 hours at an 
environmental temperature of 48 and over 
environmental temperature of 24°C. 



3 
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"^^.an ti.sue for transplanting is stored at anient 
pressure ii^uid nitrogen -"P^™'^; ^ f,,. 

e ■ - .l^s open ceU .icroporous (oa., snch 

H clastic bag which is evacuated, droppea mt 

fi^ia trofen and pul.ed down wit. safety ton.s onto a sharp 
liquid n g ^ nitrogen Dewar 

tie Mrted .ag punotures .eiow t.e iiquid levei and 
Te bi;o.s are held there until they dra» the liquid m. The 
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i,rbibed blocks are then reeved with safety tongs .nijl.ce^ in 
^ ■ sides of the container. The payload 

the bottom and against the sides oi tn , ^ , n„„id 

is then placed within the container, the top slab of liquid 
: trogen/InstiU™ composite is placed over top of the payload 
Te Ud insulation is put in place and the box is closed, sealed, 
appropriately labeled and shipped. 

""^arMaceutical is to be shipped at dry ice temperature. A 
highly insulated container with an integral gas vent t^^^-J^ 
evolving gas pressure, such as may be made with vacuum insulation 
pinels is prepared. Several blocks of open cell microporous 
foal such as Dow Instill™, are cut to fit the bottom, sides and 
"f the space within the insulated container. The blocks are 
thL dropped into a pressure vessel capable of handling the 
ressure^'of liguid carbon dioxide at ambient -^P----^^ / 
restraint traps them in the bottom of the vessel. ^ inverted 
tank of liquid carbon dioxide is used to pressure ^he vessel 
until liquid carbon dioxide fills it and saturates the foam. A 
Teed vie at the top of the pressure vessel may be employed to 
•ud ciously bring the temperature down enough in the pressu 
vessel to insure the liquid form carbon dioxide is kept m it. 
- tgas^cylindir -p.e-s-s-uri-.ed with- nitrogen- or other_ga_s which ^ 

is kept compressed at pressures above the pressure of li^id 
carbl dioxide is used to force excess carbon dioxide out of the 
Tottom Of the pressure vessel and back into the carbon dioxide 
storage container. Both gas cylinders are closed off, and 
pressure is gradually released from the pressurised ves e 
allowing the liquid carbon dioxide composite blocks to freeze 

e:sei:es. «ith the internal pressure back to ^^ -t pressu e. 
the pressure vessel is opened and the frozen composite blocks 
removed and placed in the bottom and against the "^" "^ f ' 
container. The payload is then placed within the container. 
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top slab of carbon dioxide/Instill™ composite is placed over top 
of the payload, the lid insulation is put in place and the box xs 
closed, sealed, appropriately labeled and shipped. 

The micropore open cell foam composites of the present 
invention contain phase change material in the amount of 80% 
volume or greater, thereby achieving a very high thermal energy 

storage capacity. 

The % PCM by volume for a PCM/foam composite can be 
calculated in accordance with the following procedure: 

(1) cut a foam block sample; 

(2) measure the block and calculate the Block Volume; 

(3) weigh the Foam Block before imbibing; 

(4) measure or look up the PCM density; 

(5) imbibe the PCM; 

(6) weigh the imbibed Block 

(7) calculate % PCM by volume according to the following 
equation: 

imbibed Block Weight - Foam Block Weight 

X 100 = %PCM by volume 

Block Volume X PCM density 

The- mic-ropbre open -cell- foam compos-ites- of .the _present 

invention comprising PCM imbibed at 90% volume or greater were 
compared to PCM/silica gel compositions. When compared to the 
PCM/silica gel, the PCM/ imbibed micropore open cell foam 
composites of the present invention contained 1.24 times as much 
PCM as the PCM/silica gel composition. Where space for the PCM 
is limited by the dimension of the shipping container, this 
greater amount of PCM provides a valuable increase in the txme- 
at-temperature of the vaccine or other temperature sensitive 
payload in the shipping container. 
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While certain representative embodiments and details have 
been shown for purposes of illustrating the invention, it will be 
apparent to those skilled in the art that various changes in the 
methods and apparatus disclosed may be made without departing 
from the scope of the invention, which is defined in the appended 

claims . 

What is claimed is: 
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